Backgmund and Putpose. The puqose of this study was to determine the intertherapist reliability of judgments of sttjhess and pain at L-1 to L-5 made using postemanterior (PA) The incidence of low back disorders is now such that the cost of this problem in the United States alone is estimated at between $20 and $50 billion annually.' Although exact figures are not available, physical therapy is probably the treatment most widely used for low back disorders,Z with manipulative therapies being popular treatments among physical therapists. This article was submitted August 9, 1993, and was accepted March 22, 1994 Chrlstopher Maher Roger Adams orly directed force over the spinous process of a prone patient. During the performance of this maneuver, information is collected on the therapist's perception of stiffness for the movement and the patient's perception of pain. The perceived stiffness is then compared with the therapist's experiential model of what would be considered normal for that particular location in the spine.3 The infonna-
orly directed force over the spinous process of a prone patient. During the performance of this maneuver, information is collected on the therapist's perception of stiffness for the movement and the patient's perception of pain. The perceived stiffness is then compared with the therapist's experiential model of what would be considered normal for that particular location in the spine. 3 The infonna-I tion on stifiess has traditionally been collected because it has been suggested that there may be a relationship between pain, reduced voluntary , about a return of pain-free voluntary movement.55 The information on pain and stihess is used to help in the selection of a region for treatment, in the selection of appropriate manual treatment techniques, and for monitoring patient re~overy.~ If the PA central pressure test is to provide meaningful information that will assist patient management, then the measurements obtained should be reliable and valid. The reliability and accuracy of the PA central pressure test in the assessment of stiffness, however, is currently in dispute. Some authors have concluded that assessments of PA stihess using the PA central pressure test are either unreliable6,' o r inaccurate,8-9 whereas others have concluded that the test can produce reliablel~ll and accurate results. 12 Only one study6 has investigated the reliability of assessments of pain using the PA central pressure test, and the researchers concluded that the test was reliable for this purpose.
Matyas and Bach6 presented the results of a number of graduate student research projects they had s u p e~s e d . The authors concluded that the assessment of pain could be achieved with good reliability (Pearson's r=.48-.83), whereas for stihess assessment poor reliability was consistently observed (Pearson's r=.O9-.38, Kappa= .08-.34). The reliability of assessments of spinal stiffness also varied across spinal levels (Pearson's r for L-4 was .64, whereas the mean for all levels was .30). Viner et a19 evaluated raters' ability to rank the PA stiffness of three asymptomatic subjects by comparing raters' rankings with the true rankings obtained by measuring PA stiffness with an accurate mechanical device. Only 47% of the raters correctly ranked all three patients, and the authors concluded that the accuracy of manual assessment of PA stiffness was not high.
A major concern with these studies is that their results may lack external validity. In many of the studies, the raters included students or inexperienced raters, the targets to be rated were asymptomatic subjects, and the raters were required to use a particular method of PA central pressure testing rather than the method of their choice. In Hardy and Napier's study,B for example, the raters, some of whom were undergraduate students, were required to perform the test on a block of rubber attached to a materials testing machine. Because of the experimental settings used in these studies, there is considerable difficulty extrapolating the results to the clinical assessment of patients. An exception is the study of Binkley et al,' who evaluated the ability of experienced orthopedic physical therapists to rate the mobility of the lumbar spine of patients with low back pain using the PA central pressure technique. The authors found that the intertherapist reliability of judgments of PA mobility of a single marked (though unspecified) lumbar level was poor, with an intraclass correlation coefficient (ICC [2, 1] ) value of only .25. The authors, however, did not report the reliability of judgments of PA mobility at the other lumbar levels, or the reliability of pain findings.
Researchers who have concluded that the PA central pressure test is a reliable or accurate measure of stihess have often used experimental paradigms that limit the generalization of their results to the clinical assessment of patients with low back pain. For example, Minuccin studied asymptomatic subjects, whereas Trott et all2 required therapists to rate a simulated spine with stiffness properties that could be altered by the investigators. Investigators who have measured the PA stiffness of the spinel3 have reported PA stiffness values markedly different from those obtained by Trott et al, so it is currently not clear whether Trott and colleagues' results would apply to the assessment of human spines.
Another factor that contributes to the current confusion regarding the reliability of judgments made using the PA central pressure test is the use of reliability indexes such as Pearson's r and percentage of agreement. Unfortunately, both of these statistics can provide misleadingly high estimates of reliability. For example, Minucci'sH exclusive use of percentage of agreement as a reliability index for categorical data is not recommended because the index ignores chance agreement, which can be high if few categories are used by the raters.I4 Because in Minucci's study subjects were asymptomatic and a three-point scale was used, chance agreement would have a high probability. Pearson's r is not recommended as a reliability index for continuous data because it is not sensitive to a systematic observer bias and because it reflects covariance rather than agreement. Because of these characteristics, these two indexes cannot provide convincing evidence of reliability.
Our study sought to clarify the uncertainty regarding the reliability of judgments made using the PA central pressure test. The primary purpose of the study was to determine the intertester reliability of judgments made by experienced raters. A secondary purpose was to determine whether judgments of pain have different reliability from judgments of stiffness and whether reliability varies across the lumbar levels examined. The data were collected as part of the normal assessment and treatment of patients seen in physical therapy clinics. This procedure was followed to allow the rating sessions to be as natural as possible and to better reflect the reliability of judgments actually made in clinical practice.
ProJect Overview
The design of the experiment required three pairs of physical therapists to each sequentially assess 30 patients with low back pain; thus, a total of 90 patients were examined. The physical therapists were required to rate the stihess of each lumbar level, and the maximum pain reported during assessment of each level, using a standardized rating system. Three physical therapy clinics in the Sydney (New South Wales, Physical Therapy /Volume 74, Number - Australia) metropolitan region participated in the study. All subjects signed informed consent statements.
Subjects
The subjects in this study were 90 patients who were attending physical therapy practices for treatment of nonspecific mechanical low back pain. The term "nonspecific mechanical low back pain" is used to describe the large group of patients with low back pain for whom it is not possible to specify the exact cause of their syrnptoms.l The term excludes pa-- interfere with the practice schedule, the assessment generally took place on a subsequent visit. Subjects who were unable to speak English o r use a numerical pain rating scale were not asked to participate.
Raters
The raters in the study were experienced manipulative physical therapists who were members of the Table 2 . Rating sessions were included as part of the patients' normal assessment and treatment, so pairs of physical therapy raters who worked in the same practice were used.
Procedure
For each patient, the treating physical therapist served as the first rater; thus, the order of rating within each pair alternated. The first rater performed the usual assessmenr of the patient up to and including the PA central pressure test and also marked the skin over the lumbar spinous processes so that the second rater could rate these same vertebrae. During this time, the second rater was in a different room and could not see or hear the first rater assessing the patient. The first rater recorded the results of the PA central pressure assessment on a standard form. When the assessment was completed, the first author or an assistant checked that the rating form was filled in and then filed the form so that it was out of sight of the sec-I ond rater. The second rater was then
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Therapists were asked to rate the patient using only information derived from the PA central pressure test and not to incorporate any other information about the patient. It was explained to each rater that it would be counterproductive to incorporate any information about the patient from a previous encounter as this information would not be available to the peer rater and so would only contribute to unreliability. Because the study was intended to simulate clinical procedure, raters were instructed to use the technique they would normally use in clinical practice to rate patients using the PA pressure test and were allowed to collect the information in any order they wished. 'There was no time limit for assessment. In general, participation in the study lengthened the treatment session by 5 minutes.
Therapists used numerical rating scales to record pain and stiffness findings (Appendix). The patient's report of pain intensity in response to the application of the PA central pressure test was requested using a 0-to 10-point scale. This type of scale was familiar to all the raters and most of the patients. Subjects were referred to the end points of the scale and asked to use the numbers on the pain scale as seemed appropriate to them to represent their pain. The maximum intensity of local lumbar pain produced by PA central pressure testing at each level was the value recorded. Local lumbar pain was defined as pain in an area bounded by the lower ribs and the crease of the buttocks. If no pain was reproduced in this area, the rater was asked to record a 0 for that level.
Stiffness judgments were recorded on a scale developed for this study. The scale ranged from -5 (markedly decreased stiffness) to 5 (markedly increased stiffness), with 0 representing normal stiffness. Raters were asked to judge the stiffness of each lumbar level based on what they would expect to be normal for that patient and spinal level. None of the raters had previously used this stiffness rating scale, but as experienced manipulative physical therapists, each rater was familiar with making stiffness judgments. Similar numerical scales have been used successfully in psychological research to study the perception of sensations such as heaviness, thickness,l5 and firmness16 and by Binkley's team when studying the reliability of judgments of PA mobility.7 The rating scale was explained prior to data collection, and raters were allowed 2 weeks to practice using the scale before data collection began. To reduce any possible recall bias on the part of the patients when they provided their reports of pain intensity, they were not told that the study was a reliability study but rather that the study would investigate a new method of recording examination findings.
Data Analysis
Data for the three rating pairs were pooled, and the pain and stiffness ratings for all 90 patients were compared at each of the five lumbar levels. This comparison, we believe, provides a better estimate of the population value for intertherapist reliability than the results of a single pair of raters and so was used to evaluate judgment reliability. Intertherapist reliability of the individual pairs was also evaluated by comparing the two ratings for the 30 patients rated by that pair.
Intraclass correlation coefficients (type 1,l) with 95% confidence intervals17 were calculated to express interrater reliability. The ICC (1,l) index reaches a maximum of 1.00 when raters are in complete agreement, with 1-ICC representing the percentage of variance due to the disagreement between raters. With two raters, the theoretical lower limit for the ICC (1,l) is -l.14 Negative values, however, are uncommon and indicate a rater x subject interaction.18J9 Agreement between raters was expressed by noting the number of occasions for which ratings were in complete agreement and expressing this value as the percentage of exact agreement (PEA).
The ICC statistic is sensitive to a restriction in the range of ratings and in such a scenario can suggest poor reliability even when there is substantial agreement between raters. The use of both the ICC (1,l) and the PEA rather than the ICC index alone has been suggested to provide a more robust analysis of reliability that will alert the investigator to this potential problem.20 The data analysis was performed using software developed at The University of Sydney for the calculation of ICCs and PEAS. The extent of any relationship between pain and abnormal spinal joint stiffness was evaluated by correlating the absolute (unsigned) value of the stiffness and pain judgments.
Results
The ICC (1,l) values with 95% confidence intervals for the pooled data of all raters are illustrated in the Figure. The PEA values ranged from 21% to 29% for stiffness judgments and from
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The reliability indexes for each rating pair are shown in 
Reliability of Judgments
Effect of Level and Type of Judgment 1 31% to 43% for pain judgments. Although these PEA values seem to be of similar magnitude and to contradict the ICC values, the distribution of the pain and stiffness judgments were very different, as shown in Table 3 .
The raters tended not to use all of the 11-point scale when rating stihess, with most raters effectively collapsing the scale into a 6-point scale. This was not so with the pain scale, where the .8 -
. 6 raters generally used all of the 11 points on the scale. With this in mind, it is apparent that 21% to 29% agreement on a 6-point scale actually represents poorer agreement than 31% to 43% agreement on an 11-point scale. The low PEA figures for stihess judgments also show that the low ICC (1,l) values for stihess judgments were not simply the result of a lack of variability in the patients to be rated.
- Table 3 . pist, associated with an incorrect decision (eg, incorrectly classifying someone as fit for work). In contrast, if a physical therapist is using the results of the PA pressure test to select the spinal level to treat, then the assessment of PA pressure may be a useful measurement, particularly as there are no real alternate clinical measurements that a physical therapist can use to guide treatment. The physical therapist should recognize, however, that pain judgments are more reliable than stiffness judgments and so may be a better guide to the level to treat.
Inspection of the ICC values for individual rating pairs (Tab. 4) revealed
that the third rater pair had much less reliable ratings than did the other pairs. No factor could be identified that would satisfactorily account for this result. These two physical therapists were similar to the other pairs of raters with respect to clinical experience, time in practice together, and clientele. Early on in the data collection, it became apparent from inspection of the raw data sheets that this pair's ratings were not in agreement, and the rating scale was therefore reexplained to them. Both therapists, however, confirmed that they understood the nature of the scale, so data collection continued. Removing this pair's ratings from the pooled analysis does not change the major findings.
On average, the pain judgments of pairs 1 and 2 demonstrated good reliability, whereas their stiffness judgments were poor.
The poor reliability for stihess assessment observed in our study is consistent with the majority of studies that have evaluated PA central pressure.69 Although the comparison of ICC values across studies is problematic, the mean ICC value of .20 for stiffness judgments found in our study is similar to the value of .25 reported by Binkley et The results of our study and of the study by Binkley et a17 d o not suggest that experienced manipulative physical therapists are able to perform any better in this regard than the generally less experienced raters used in other studies. For example, Matyas and Bach,6 in their studies using less experienced raters, found Kappa values for stihess assessment ranging from .08 to .34. Reliability testing of raters in their normal clinical environment and using the style of their choice to perform the PA pressure test also did not augment reliability.
At present, it is not clear what part o r parts of the process of judging PA stihess are responsible for the relatively poor ability of manipulative physical therapists to rate PA stiffness. The task of rating stihess is complex, with the physical therapist required to judge the amount of the PA stihess and then to compare it with some internal schema of normal stiffness for that patient and level. This process takes place within an environment with other competing stimuli present that may distract the physical therapist from the task of rating PA stihess. Finally, the physical therapist has to communicate his o r her judgments using the numerical scale. Following data analysis, debriefing sessions took place with the raters to get their opinions on the source of the unreliability.
All of the raters suggested that judging whether the perceived PA stiffness is normal for a particular spinal level was the most difKcult step in the judgment process, as there are no p u b lished normative values for PA st8-ness and therapists must therefore rely on their experience. Inspection of the distribution of ratings used by each rater (Tab. 3) suggests that at least for pairs 1 and 3, this problem did contribute to the poor reliability of stiffness judgments observed in this study. For these two pairs, one therapist's mean rating was higher than the partner's rating, suggesting the presence of a systematic bias. This finding could have occurred because there was no clear agreement between the raters in each pair on what constitutes normal stiffness at each lumbar level. In such a situation, the reliability of judgments may be enhanced if normative values for PA stfiess could be established.
Another potential source of unreliability is the perception of stiffness itself. The studies that have investigated the perception of stiffness'23+35 have produced widely dserent estimates of the ability of subjects to discriminate stiffness. One early studyjs demonstrated that stiffness stimuli could be discriminated when one stimulus is 9% greater than the other, whereas later studies have suggested 17%,j4 23%,33 and 100%12 as the threshold of discrimination. We are currently attempting to clarify this situation by establishing the detection threshold and discriminability function for PA stihess using a range of stiffness Physical Therapy /Volume 74, Number 9/September 1994 stimuli typical of those that would be encountered in the lumbar spine.
If it can be established that physical therapists are able to discriminate stiffness stimuli in such a simple setting, then it could be justifiable to attempt to design a standardized protocol for the clinical assessment of PA stiffness. Such a protocol would seek to optimize the conditions for the assessment of PA stihess. At present, it is not clear what factors affect the perception of PA stifFness. Psychophysical research, however, has shown that surrounding stimuli, experience of stimuli in the past, patterns of attention, and the observer's expectations can all affect judgments of stimulus intensity.36 It is possible that a similar range of factors can be identified for the perception of PA stiffness. One strategy that may be useful is to institute a form of training program that provides raters with feedback on their performance to improve their ability to make judgments of stihess. Such programs have been shown to reduce the error in specified force production using the PA central pressure test.37 Similar programs providing feedback on the stiffness of the target may provide improvements in the accuracy of physical therapists' ratings of stiffness.
It is ironic that manipulative physical thel-apists have placed such great importance on the PA central pressure test when the test yields such unreliable information about stiffness. According to measurement theory, an unreliable test will not convey meaningful information and so will not help management decisions, yet manual therapists consistently use this test and other similar tests in clinical practice and presumably find them of value in their clinical assessment. This suggests that therapists may be attending to factors other than stiffness, and it is this other information that could make the tests of value to physical therapists. Perhaps the practitioners are attending to the more reliable pain repons of their patients when deciding where to direct treatment, and it is this aspect of the test that makes it clinically useful.
The Pearson r values for the correlation between the pain judgments and the absolute value of the stiffness judgments were modest, suggesting that at least in the group of patients used in this study, the relationship between pain and abnormal PA stiffness is either weak o r inconsistent. This finding is of interest because many manual therapy texts have suggested that there is a relationship between pain and abnormal PA stiffness and have advocated treatments aimed at restoring normal PA stiffness in order to bring about a resolution of patient symptoms.3-5 Although it may be argued that the results represent an attenuation of correlation due to unreliable measurements,38 manual assessment is the same assessment method used by the manipulative therapists who have developed and supported this theory. This issue deserves further investigation because it is this assumption of a relationship between a patient's symptoms and abnormal PA stiffness that forms the philosophical basis of many manual therapy approaches and leads many manipulative therapists to assess PA stihess.
Inspection of the distribution of stiffness ratings in Table 3 reveals that most raters did not use the reduced stiffness end of the stiffness rating scale. Only one rater used this end of the scale, and then only for six patients. This distribution of results in our study would seem to contrast with the opinions of DeRosa and , Ponerfield,39 who state that instability or reduced stihess is more of a problem in the average clinic than increased stiffness. Our results d o not provide support for DeRosa and Porterfield's opinion. This situation may reflect a difference between the types of patients with low back pain seen in Australia and in the United States, or it may reflect some expectation on the pan of the raters.
Cllnlcal lmplicatlons
The results of our study suggest that it may be unwise to base a patient management plan predominantly on judgments of PA stiffness. The poor reliability of our stiffness judgments means that there is the possibility that this information provides a false impression of meaningfulness that hinders rather than helps treatment selection and patient management. In our investigation, there were a number of occasions when a patient was considered to have increased stiffness by one rater and reduced stiffness by the other rater. As most manual therapy texts suggest a different treatment approach for a patient with low back pain who has increased PA stiffness at a symptomatic level compared with a patient with reduced stiffness, these contradictory findings would have led the two physical therapists to institute very different treatment programs for the same patient.
The view that manual therapy tests that seek to provoke symptoms tend to yield the most reliable results has been supported by several authors.l33*@2 These authors have suggested that the more reliable pain provocation tests should form the basis for clinical decisions rather than the tests assessing joint compliance, alignment, or muscle tension. Our findings support this suggestion.
The results of this investigation demonstrate that judgments of PA stiffness made by experienced manipulative physical therapists using the PA central pressure test within a clinical setting are not acceptably reliable. The test, however, provides more reliable results when pain provocation is the goal.
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Appendix. Rating Scales Used in the Study

Ratlngs of Stlffness and Paln Made Durlng Splnal Assessment
Patient No. 'This research project is directed to the question of whether spinal stiffness and pain can be rated by using a number scale. 'Do not spend too much time on stiffness rating; just circle the number you first think of after applying the posteroanterior pressure. 'Please do not spend any more time than you would normally spend when assessing a patient.
1. The Stiffness of each lumbar level on a scale from -5 to 5 is:
2. The maximum Pain produced during assessment of each lumbar level on a scale from 0 to 10 is:
No Intense Painolds" for viscosities and compression moduli. Maher and Adams present a unique study assessing the reliability of a manual technique commonly used by physical therapists. The authors raise serious questions about the reliability of the ability to assess lumbar vertebral stiffness using posteroanterior (PA) central pressure testing. Conversely, they report that the assessment of pain during PA pressures is highly reliable and may be the most important measure to focus on when performing these manual techniques. The authors make many attempts to keep this reliability study within the context of the clinical setting to enhance its generalizability or external validity. There are several issues, however, that this study does not address and that consequently affect the clinical implications and conclusions.
Reliability studies of this type are beneficial but artificial by nature, which limits their generalizability to true clinical practice. The attention given to detail by a therapist involved in a reliability study may be quite different than the attention given to detail by a therapist routinely practicing in a busy outpatient clinic.' Consequently, results from reliability studies that do not blind the therapists must be generalized to the clinical setting with caution.
When repeated measures are performed on a patient, it is customary to assume that the patient is minimally affected by the initial assessment. Lumbar vertebral body stihess may be predisposed to change after an initial set of PA pressure oscillations delivered by the first rater of the pair. Additionally, the number of oscillations required to adequately measure the pain and stiffness at the five lumbar vertebral levels tested were not documented for each therapist and may be a potential source of error contributing to the final measures of agreement. Although Maher and Adarns counterbalanced the subjects so that each had equal opportunity to assess a patient first, assessments may be systematically different according to which investigator delivered the most oscillations during an assessment.
Self-reports provide a valuable method to obtain information regarding a patient's perceived condition.
The self-report of pain as the result of PA pressures was found to be reliable by the authors. The patients, however, may have been biased by their first response and feel compelled to be consistent during their second response. Consequently, the error associated with the reliability of perceived pain reported by patients two times separated by a short time period may be underestimated.
Meaningful clinical reliability studies should strive to develop scales that are responsive to changes in the patients under study. A measurement tool that is responsive appropriately reflects real clinical change. Adams appear content to judge the usefulness of a clinical tool solely on a reliability study that may not have incorporated the range that the scale was designed to measure. If a patient's lumbar spine pain resolves but there is no corresponding change in the lumbar spine stiffness, the measure is not responsive and may have little meaning, even if the measurements obtained are found to be reliable.
The authors chose to use an 11-point scale to rate the stiffness of each lumbar spinal segment. They provided no support for using a scale with so many levels. They allude, however, to a study by Binkley and colleagues,3 who used a similar scale and found poor reliability of stiffness measurements during PA pressures at the L-1 vertebral level. Why did the authors I repeat this same scale at all five lumbar vertebral levels given the poor reliability previously reported? Alternatively, given the lack of reliability found by Maher and Adams using an 11-point scale of stiffness, it was surprising that they did not collapse the 11-point scale into a 3-point or
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